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(54) A fuel injection control device for an Internal combustion engine 

(57) Combustion noises of the respective cylinders 
(1 , 2. 3. 4) of the engine (1 0) are detected by a combus- 
tion noise sensor (15). An electronic control unit (ECU) 
(20) performs pilot fuel injections prior to main fuel injec* 
tions to the respective cylinders through fuel injection 
valves (10a, lOb. 10c. lOd) and adjusts the pilot fuel 
injection amounts of the respective cylinders so that the 
combustion noises of the respective cylinders detected 
by the combustion noise sensor (15) are reduced. Fur- 
ther, the ECU (20) corrects the fuel injection anxDunts of 
the respective cylinders in accordance with the pilot fuel 
irijection amounts of the respective cylinders in such a 
manner that the sum of the fuel injection anfK)unt and 
the pilot fuel injection amount becomes a same value in 
each cylinder. Since the total amount of fuel supplied to 
each cylinder becomes the same, the variation of torque 
among the cylinders does not occur. 
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Description 
TECHNICAL FIELD 

5 [0001 ] The present invention relates to a fuel injection control device for an internal combustion engine, and particu- 
larly, to a fuel injection control device which is capable of reducing the combustion noise of an internal combustion 
engine. 

BACKGROUND ART 

10 

[0002] In an internal combustion engine such as a diesel engine, diesel knock occurs. Diesel knock is a phenomenon 
which causes combustion noise to increase. When the rate of pressure rise in the cylinder of the engine becomes 
excessively large due to, for example, a delay in ignition of the fuel, resonance in the combustion gas occurs. This 
causes sudden increase in combustion noise, i.e., diesel knock. 

IS [0003] It is generally known that the increase in combustion noise occurs under conditions where the ignition of fuel 
is delayed, such as in a cold start of the engine. Further, in a transient operating condition of the engine, the increase 
in combustion noise may occur due to delays in the changes in the temperatures of intake air and combustion chambers 
of the engine. Further, in an engine using a high pressure fuel injection, since combustion speed increases due to high 
fuel injection pressure, an inaease in combustion noise may occur. 

20 [0004] It is known in the art that a pilot fuel injection which irjects a small amount of fuel in the cylinder prior to the 
main fuel injection is effective fbr preventing tiie increase in combustion noise. Since fuel Injected in the pilot fuel injec- 
tion burns before the main fuel injection is performed, the delay In tiie ignition of the fuel injected by the main fuel injec- 
tion is reduced and, thereby, the increase in combustion noise is suppressed. 

[0005] An example of tiie method for reducing contxjstion noise by performing the pilot fuel injection is disclosed, for 

25 example, in Japanese Unexamined Patent Publication (Kokai) No. 62-291452. 

[0006] In tiie metiiod of the '452 publication, a knock sensor is disposed on tiie cylinder block of an internal combus- 
tton engine in order to detect peak values of knocks (combustion noises) of the respective cylinders of the engine. The 
method reduces combustion noise of each cylinder by correcting the anfKXjnt of pilot fuel injection of each cylinder so 
that the peak value of knock in each cylinder is minimized. By controlling the amount of pilot fuel injection in such a man- 

30 ner ttiat ttie peak value of the combustion noises of the respective cylinders is minimized, combustion noises in the 
respective cylinders are reduced uniformly regardless of differences in the various conditions in the cylinders. 
[0007] However, in the method of the '452 publication, since the amounts of the pilot fuel injections are adjusted so 
that tiie peak values of ttie noises of tiie respective cylinders are minimized, the amounts of the pilot fuel injection in the 
respective cylinders are adjusted to different values altiiough tiie amounts of ttie main fuel injection in tiie respective 

35 cylinders are controlled at a same value corresponding to the load condition of the engine. 

[0008] Therefore, the total amount of fuel supplied to the cylinder (i.e.. the sum of the amount of the pilot fuel injection 
and the amount of the main fuel injection) becomes different in each cylinder in the method of the *452 publication. 
Thus, though combustion noises of the respective cylinders may be reduced in the method of tiie '452 publication, the 
variation of the torque generated by the respective cylinders occurs. Especially when a high pressure fuel injection sys- 

40 tem is used, since the proportion of tiie amount of tiie pilot fuel injection relative to ttie amount of the main fuel injection 
is large, the variation of torque generated by the respective cylinders becomes large. 

DISCLOSURE OF INVENTION 

45 [0009] In view of the problems in the related art as set forth above, tiie object of the present invention is to provide a 
fuel injection control device for an internal combustion engine which is capable of reducing combustion noises in the 
cylinders of the engine without causing tiie variation of torque of the cylinders. 

[0010] According to the present Invention, there is provided a fuel injection control device for an internal combustion 
engine having a plurality of cylinders conrprising means fbr detecting combustion noises of tiie respective cylinders of 

so the engine, pilot fuel Injection amount correcting means fbr correcting the anwunts of pilot fuel injected into the respec- 
tive cylinder of the engine prior to a main fuel injections in accordance with tiie detected combustion noises of tiie 
respective cylinders, characterized in tiiat ttie fuel injection control device further comprises main fuel injection amount 
conrecting means for correcting ttie amounts of the main fuel injections of the respective cylinders in accordance witti 
the corrected amounts of the pilot fuel injections of ttie respective cylinders. 

55 [0011] According to the present invention, since tiie amounts of ttie main fuel injections In tfie respective cylinders are 
adjusted in accordance wrtii the amounts off the pilot fuel injections in ttie respective cylinders, the total amounts of ttie 
pilot fuel injection and the main fuel Injection of each cylinder can be kept at the same, uniform value. Therefore, ttie 
torques generated by ttie respective cylinders becomes the same and a variation of torque in the respective cylinders 
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can ber prevented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 [001 2] The present invention will be better understood from the description as set forth hereinafter, with reference to 
the acconrpanying drawings in which: 

Fig. 1 schematically illustrates the general configuration of an embodiment of the fuel injection control device 
according to the present invention when it is applied to an automobile diesel engine; 
10 Rg. 2 is a flowchart illustrating an embodiment of the detecting operation of combustion noise; 

Figs. 3 and 4 are a flowchart illustrating an embodiment of the fuel injection anrx)unt calculating operation of the 
engine in Fig. 1; 

Fig. 5 is a flowchart illustrating an embodiment of the detecting operation of torque generated by the cylinders; and 
Figs. 6 and 7 are a flowchart illustrating another embodiment of the fiie! injection anmunt calculating operation of 
IS the engine which is different from the operation in Figs. 3 and 4. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[001 3] Hereinafter, embodiments of the present Invention will be explained in detail with reference to the accompany- 
20 ing drawings. 

[0014] Rg. 1 shows a general configuration of an embodiment of the present invention when it is applied to an auto- 
mobile dieset engine. 

[0015] In Fig. 1, reference numeral 1 designates an internal combustion engine (in this embodiment, a four-cylinder 
four-cycle diesel engine having No. 1 to No. 4 cylinders is used). Numerals 10a to lOd designate fuel injection valves 

25 which inject fuel directly into the cylinders No. 1 to No. 4, respectively. The fuel injection valves 10a to lOd are alt con- 
nected to a common resenA)ir (a common rail) 3. High pressure fuel is supplied from a high pressure fuel irijection pump 
5 to the common rail 3 and ir^ected to the respective cylinders tiirough the fuel injection valves 10a to 10d. 
[001 6] In this embodiment, the high pressure fuel injection pump 5 is. for example, a plunger type high pressure pump 
equipped with a variable capacity control mechanism and pressurizes low pressure fuel supplied from a fuel tank (not 

30 shown) to a predetermined pressure before supplying it to ttie common rail. 

[001 7] In Fig. 1 . numeral 20 is an electronic control unit (ECU) for controlling the engine 1 0. The ECU 20 may be con- 
structed as a microcomputer of a known type including a read-only memory (ROM), a random-access menx)ry (RAM), 
a microprocessor (CPU) and input/output ports all connected to each other by a bi-directional bus. The ECU 20 per- 
forms basic controls of the engine 10 such as a fuel injection pressure control which adjusts the fuel pressure in the 

35 common rail in accordance witii tiie engine load and speed by controlling the capacity of the high pressure fuel pump 
5 and a fuel injection control which adjusts the amount of fuel injected into the respective cylinders of the engine 10 by 
controlling the opening periods of the fuel injection valves 10a to lOd. 

[0018] Further, the ECU 20 in this embodiment performs a noise suppression control in which pifot fuel injection Is 
carried out tiirough tiie fuel irijection valves 10a to lOd prior to the main fuel injection in order to reduce combustion 

40 noise of tiie engine 1 0. 

[0019] In order to perform these controls, a voltage signal corresponding to the pressure of the fuel in the common 
rail 3 is supplied to the input port of tiie ECU 20 from a fuel pressure sensor 31 disposed on the common rail 3 via an 
AD converter (not shown). An accelerator signal, which represents the amount of depression of an accelerator pedal 
by tiie operator of tiie automobile, is also supplied to the input port of the ECU 20 via the AD converter from an accel- 
4S erator sensor 21 disposed near the accelerator pedal (not shown). Furtiier. an intake air amount signal, which repre- 
sents tiie amount of air drawn into the engine is supplied to the input port of tiie ECU 20 via the AD converter from an 
airflow meter 23 disposed on an intake air passage (not shown) of the engine 10. 

[0020] Furtiier, a crank angle sensor 25 is provided in tiiis embodiment and supplies crank angle signals to tiie input 
port of the ECU 20. In ttiis embodiment, the crank angle sensor 25 is actually composed of two sensors. One is a ref- 

50 erence position sensor disposed near a camshaft of tiie engine and generates a reference pulse signal every 720 
degree rotation of the crankshaft of the engine, and another is a rotation angle sensor disposed near the crankshaft and 
generates a rotating pulse signal at a predetermined angle of rotation (for example, 15 degrees) of tiie crankshaft. 
These crank angle signals, i.e.. tiie reference pulse signal and the rotating pulse signal are also supplied to tiie input 
port of tiie ECU 20. The ECU 20 calculates tiie rotation speed and tiie rotation phase of the crankshaft (tiie crank angle) 

55 based on the intervals of tiie rotation pulse signal and tiie number of the pulse received after the reference pulse signal 
was generated, respectively. 

[0021] Further, a combustion noise sensor 15 is provided in order to detect combustion noise of the engine 10. The 
combustion noise sensor 15 in this embodiment is a knock sensor (a vibration detector) which is adjusted to detect tiie 
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amplitude*of the coinponents of the vibration of the cylinder block of the engine having frequencies indicating a diesel 
knock (for example. 2 to 3 kHz). Other type sensors, such as an acoustic sensor disposed in the engine room and 
adjusted to detect the sound pressure of the components of the engine sound having frequendes Indicating a diesel 
knocK may be used for the combustion noise sensor 15. 
5 [0022] The output of the combustion noise sensor 15 is fed to the input port of the ECU 20 through an AD converter 
and a peak-hold circuit (not shown). The ECU 20 determines the expansion strokes of the respective cylinders No. 1 to 
No. 4 in accordance with the rotation phase of the crank shaft (the crank angle) and detects the peak values of the out- 
put of the combustion noise sensor 15 during the expansion strokes of the respective cylinders using the peak-hold cir- 
cuit. 

10 [0023] The output port of the ECU 20 is connected to the fuel injection valves 1 0a to 1 0d and the high pressure fuel 
injection pump 5 through the respective drive drcurts (not shown). 

[0024] In this embodiment, the ECU 20 calculates a target value of the fuel pressure in the common rail 3 based on 
the engine load (the accelerator signaQ and the engine speed using a predetermined relationship stored in the ROM of 
the ECU 20. Further, the ECU 20 controls the discharge capacity of the pump 5 In such a manner that the actual com- 
IS won rail pressure detected by the fuel pressure sensor 31 agrees with the calculated target value. The fuel pressure in 
the common rail is adjusted in accordance with the engine load and speed and raised up to 150 MPa in some operating 
conditions of the engine. The ECU 20 also calculates a basic fuel injection amount Q^q. based on the engine load, the 
engine speed and the intake air amount of the engine using a predetermined relationship stored in the ROM of the ECU 
20, 

20 [0025] Next the combustion noise suppression control according to the present invention will be explained. 

[0026] In this embodiment, the ECU 20 detects the maximum values (the peak values) Vpeakj (I represents the cyl- 
inder number, i.e.. i = 1 . 2, 3, 4 in this embodiment) of the combustion noises of the respective cylinders of the engine 
based on the output of the combustion noise sensor 15 during the expansion strokes of the respective cylinders. The 
ECU 20 further calculates background noises BGj 0 = 1 . 2. 3. 4) of the respective cylinders by a smootNng calculation 

25 using a smoothing factor K O e., by obtaining a weighted mean value of the background noise BQi last calculated and 
the peak value Vpeakj detected this time using a weighting factor K). 

[0027] Namely, the bad^round noises BGj of the respective cylinders in this embodiment are obtained by the follow- 
ing formula. 

30 BG , = {(K-1) BG , -I- Vpeak,}/K 

(K is a constant) 

[0028] Nondimensional noise values NVACTj of the respective cylinders which are used In the noise suppression con- 
trol are obtained by the following formula. 

35 

NVACT,oVpeak,/BG, 

[0029] As explained befbre. the ECU 20 calculates the basic fuel injectton amount Qbse accordance with the accel- 
erator signal (the amount of depression of the accelerator pedal) TA. the engine speed NE and the intake air amount 

40 G. The ECU 20 determines a basic pilot fuel injection amount QPbsa the target noise values NVTRGj (i - 1 . 2. 3, 4) 
of the respective cylinders based on the basic fuel injection amount Q^q and tiie engine speed NE. The ECU 20 further 
obtains the actual pilot fuel injection amounts QPj of tiie respective cylinders by conrecting tiie basic pilot fuel injection 
amount QPbse accordance with the differences ANV{ between the noise values NVACTj and tiie target noise values 
NVTRGj of tiie respective cylinders (i e., ANV , » NVACT , - NVTRG , ). It shoukJ be noted tiiat tiie actual pilot fuel injec- 

45 Won amounts QPj are determined so that tiie noise values NVACTj approaches to tiie target noise values NVTRGj, i.e. , 
the actual pilot fuel injection amounts QPj calculated by tiie ECU 20 need not make the noise values NVACTj of tiie 
respective cylinders minimum. In general, when the pilot fuel injection amount QPj is adjusted so that the combustion 
noise becomes the minimum, the exhaust emission deteriorates in some cases. In this embodiment, the target noise 
values NVTRGj is the minimum noise values of tiie respective cylinders under various engine load conditions which do 

so not cause deterioration of the exhaust gas emission. The target noise values NVTRGj were detenmined previously by 
operating the actual engine under various load conditions and are stored in the ROM of the ECU 20. 
[0030] Since the pilot fuel injection amounts QPj of tiie respective cylinders are determined in the manner explained 
above, tiie pilot fuel injection amounts QPj of tiie respective cylinders are set at different values in this emkxxjiment. 
Therefore, if the main fuel injection amounts QMj of tiie respective cylinders are set at a same value, the total fuel injec- 

55 tion amounts (QPj + QMj) of tiie respective cylinders become different This causes tiie variation of the output torque of 
the respective cylinders. In order to prevent the variation of tiie output torque of tiie cylinders, the main fuel injection 
amounts QMj of the respective cylinders are corrected in accordance with tiie calculated pilot fuel injection amount QP| 
of ttie respective cylinders in this embodiment in such a manner tiie total fuel irijection amounts (QPj + QMj) of the 
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respective cylinders become a same value. Namely, the main fuel injection amounts QM| of the respective cylinders are 
determined by the calculated pilot fuel injection amounts QP , by QM j = Q^se - QP j . By adjusting the main fuel injec- 
tion amount QMj. based on the calculated QPj in such a manner that the total fuel injection amounts (QMj + QPj) of the 
respective cylinders become the same value, combustion noises of the respective cylinders can be suppressed without 
5 causing the variation of the torque in the cylinders. 

[0031 ] Fig. 2 and Figs. 3, 4 show flowcharts explaining an embodiment of the noise suppression control as explained 
above. The operations in flowcharts of Fig. 2 and Rgs. 3, 4 are performed by routines executed by the ECU 20 at reg- 
ular intenmls. 

[0032] Fig. 2 illustrates the calculating operation of the noise values NVACTj of the respective cylinders of the engine 
10 10. 

[0033] In Fig. 2, steps 201 through 21 7 represent the determination of the timing for detecting the peak values Vpeakj 
of the respective cylinders. The peak values Vpeakj in this embodiment are given by the output of the peak-hold circuit 
at the timing set in accordance with the respective cylinders (for example, about 90 degree crankshaft rotation after top 
dead centers of the expansion strokes of the respective cylinders). At step 201 . the operation reads the crank angle CA 

IS and, at steps 203 through 21 7, determines whether the crank angle CA agrees with the timing for detecting the peak 
value of any of the cylinders No. 1 to No. 4. If the crank angle CA agrees with the timing for detecting the peak value of 
any of the cylinders, the value of the parameter i is set to the cylinder number of the cylinder for which the peak value 
is detected. Fa example, if it is timing for detecting the peak value of the No. 3 cylinder (step 211), the value of i is set 
to 3 (step 213). If the crank angle CA does not agree with the timing for detecting the peak value of any cylinder, tiie 

20 operation terminates immediately without performing steps 219 through 225. 

[0034] If it is tiie timing for detecting the peak value of any of the cylinders at steps through 203 through 21 7. ttie out- 
put Vpeak of tiie peak-hold circuit is read at step 219 and stored as Vpeakj at step 221 (i.e.. Vpeakj represents ttie peak 
value of the No. i cylinder). 

[0035] At step 223. tiie new background noise BGj of tiie No. t cylinder is calculated as a weighted mean value of the 
25 Vpeakj and tiie present background noise BGj of tiie Na i cylinder, i.e.. tiie background noise BGj is renewed. 

[0036] Further, at step 225, ttie noncfimensional noise value NVACTj off tiie No. i cylinder is calculated in accordance 
witii tiie peak value Vpeakj detected at step 221 and tiie bad^ound noise BGj calculated at step 223 by NVACTj = 
Vpeak/BGj. 

[0037] Figs. 3 and 4 are a flowchart illustrating tiie fuel injection amount cateulating operation based on tiie peak val- 

30 ues Vpeakj of the respective cylinders. 

[0038] Steps 301 tiirough 31 7 represent ttie operation for determining timing for calculating tiie fuel irijection amount 
which are similar to ttie operation of steps 201 tiirough 21 7 in Fig. 2. At steps 301 tiirough 307, if it Is tiie timing for cal- 
culating tiie fuel injection anwunt of any of the cylinders No. 1 to No. 4, tiie value of the parameter i Is set to tiie cylinder 
nunft>er (i = 1 , 2, 3, 4) of the cylinder for which tiie fuel injection amount Is calculated. If no cylinder is at tiie timing for 

35 calculating tiie fuel injection amount, the operation terminates wittiout performing steps 319 through 331 . 

[0039] After setting tiie value of ttie parameter i, ttie operation performs step 31 9 in Fig. 4 to read the engine speed 
NE. the accelerator signal TA and tiie intake air amount G and NVACTj of No. 1 cylinder. 
[0040] At step 321 , the basic fuel Injection amount is determined in accordance with NE. TA and G read In at 
step 319. The values of are stored in tiie ROM of the ECU 20 in tiie form of a numerical table using NE. TA and G 

40 as parameters and Qbse is determined from tiiis numerical table at step 321 . 

[0041 ] At Step 323, ttie basic pilot fuel injection amount QPbse is determined in accordance witti the basic fuel injection 
amount Qbse and the engine speed NE. The basic pilot fuel injection amount QPbse is a pi^ot fuel injection amount whk;h 
minimizes combustion noise of tiie engine wittwut causing deterioration of tiie exhaust gas emission under a standard 
operating condition of ttie engine. The values of QPbse ^^^^ previously determined by experiment and stored in tiie 

45 ROM of tiie ECU 20 in the form of a numerical table using Q^^se and NE as parameters. QP^se is determined from tills 
numerical table at step 323 using tiie calculated Qbse and NE. The values of Qbse and QPbse are common to all the cyl- 
inders Na 1 to Na 4. 

[0042] At step 325. the target noise value NVTRQj of ttie Na i cylinder is determined in accordance with ttie basic 
fuel Injection amount Qbse and tiie engine speed NE in ttie nfianner similar to step 323. Similarly to tiie basic pilot fuel 
so injection amount QPbse> the target noise values NVTRG; of ttie respective cylinders were obtained prevfously by exper- 
iment and stored in the ROM of ttie ECU 20 in tiie form of a numerical table using Q^^ and NE as parameters. As 
explained before, tiie target noise values NVTRGj are minimum noise values which can be obtained under various com- 
binations of Qbse and NE without causing deterioration of ttie exhaust gas emission. 

[0043] After setting tiie target noise value NVTRGj of ttie No. i cylinder, ttie difference ANVj between the actual noise 
55 value NVACTj and tiie target noise value NVTRGj of ttie No. i cylinder is calculated by ANV , = NVACT , - NVTRG j . Fur- 
tiier, at step 329, ttie basic pilot fuel injection amount QPbse is corrected to obtain tiie actual pilot fuel injection amount 
QPj of the No. i cylinder. In tills embodiment, the basic pilot fuel injection amount Q^se >s corrected by the amount pro- 
portional to tiie value of ANVj. namely, QPi of ttie respective cylinders are calculated by QP | = QP ^se A x ANV , (A 
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is a constant determined by experiment). 

[0044] At step 331 , the main fuel injection amount QMj is calculated by QM , = Q ^ - QP | . Therefore, the sum of the 
pilot fuel injection amount QPj and the main fuel injection amount QM; (the total fuel injection amount) are always 
becomes the same as the basic fuel injection anxnjnt Qbse regardless of the difference in the cylinders in this embodi- 
5 ment. thereby the variation of torque among the cylinders does not occur 

[0045] As explained above, according to the present en^bodiment, combustion noises of the cylinders of the engine 
can be suppressed without causing the variation of torque among the cylinders. 
[0046] Next, another embodiment of the present invention will be explained. 

[0047] In the previous entediment, the total fuel ii^ection amounts of the respective cylinders are set at a same value 
10 in order to prevent the variation of torque in the cylinders. However, in the actual engine, the torque generated by the 
respective cylinders are slightly different to each other even If the total fuel injection amounts are the same due to other 
factors such as slight differences of the fuel injection timing in the respective cylinders. Therefore, a slight variation of 
torque among the cylinders may occur even if the total fuel Injection amounts are adjusted to a same value. 
[P048] In order to prevent the variation of torque in the cylinders, the present embodiment detects the torque gener- 
is ated the respective cylinders and corrects the total fuel injection amount so that the generated torques of the respec- 
tive cylinders become the same 

[0049] Rgs. 5 through 7 Illustrates the suppressing operation of the torque variation according to the present embod- 
iment. 

[0050] Rg. 5 is a flowchart explaining the detecting operation of the torque generated by the respective cylinders. This 

20 operation Is performed by a routine executed by the ECU 20 at regular intervals. 

[0051] In tiie operation in Rg. 5, the highest rotating speeds omax i ^ crankshaft during tiie expansion strokes of 
the respective cylinders (for example, the rotating speeds of the crankshaft at 90 degree CA after the top dead centers 
of tiie expansion strokes of the respective cylinders) and the lowest rotating speed comin j of the crankshaft during tiie 
expansion strokes of the respective cylinders (for example, the rotating speeds of the crankshaft at the top dead centers 

25 of tiie expansion strokes of tiie respective cylinders) are detected. Further, tiie difference Aco^j between the squares of 
(dmax i and cd^in i (Ao>^ i'^l^fj^O^ ' (<^min i) ^) ^ ^ parameter representing ttie torque generated by the 
cylinders. Since tiie value of A^o^represents the kinetic energy generated by tiie combustion in ttie cylinder and is 
transferred to ttie rotating parts of the engine, ttie value can be used as the parameter representing tiie torque gen- 
erated by tiie respective cylinders. 

30 [0052] In Rg. 5, tiie cylinder number I is determined at steps 501 through 505. Namely, tiie present crank angle CA 
is read in at step 501 and. at steps 503 tiirough 515. it is determined whetiier any of tiie cylinders No. 1 to No. 4 is in 
tiie expansion stroke. The value of tiie parameter i Is set to tiie cylinder number in tiie expansion stroke. 
[0053] After detemilning tiie value of I. tiie operation determines whetiier tiie present crank angle is at the timing for 
detecting tiie lowest speed q^hn i of the determined cylinder (I.e.. at near the top dead center of the expansion stroke 

35 of the No. 1 cylinder). If it is the timing for detecting (o^m \, the operation stores tiie present rotating speed co of tiie crank 
shaft as cd|^in j at step 519. 

[0054] If it is not the timing for detecting comin j, the operation executes step 521 to determine whetiier It is ttie timing 
for detecting ttie highest speed g>max i (i ®- about 90 degree after ttie top dead center of ttie expansion stroke of the No. 
1 cylinder). If it is the timing for detecting oiviax i> the present rotating speed of tiie aankshaft Is stored as oDf^ j at step 
40 523. If It Is not tiie timing for detecting eittier of comin j and comax i. ttie operation terminates Immediately after executing 
step 521. 

[0055] After detecting botii of tiie lowest speed a>MiN j and tiie highest speed comax u the operation calculates ttie 
torque parameter Aa?\ of ttie No. i cylinder by 

45 A©^ = (CD MAX i) ^ • (® MiN i) ^) at Step 525. 

[0056] Rgs. 6 and 7 are a flowchart explaining tiie fuel injection amount calculation which reduces tiie variation of the 
torque among tiie cylinders. In this operation, ttie main fuel Injection amount QMj is conrected In accordance witti ttie 
torque parameter Aa>^i. 

50 [0057] In Rg. 6, steps 601 through 617 in Rg. 6 and ttie steps 619 ttirough 631 in Rg. 7 represent ttie operations 
same as those in steps 301 through 307 in Rg. 3 and steps 31 9 through 331 in Rg. 4, respectively 
[0058] Namely, at these steps, ttie pilot fuel injection amounts QPj and the main fuel Injection amounts QMj are cal- 
culated in the manner same as tiie embodiment in Figs. 2 ttirough 4. However, in tills embodiment, tiie calculated main 
fuel injection amounts QMj are further corrected at steps 633 and 635 in such a manner that the values of ttie torque 

55 parameter Ao^j of the respective cylinders become the same value. 

[0059] Namely, at step 633, tiie difference Ao^avi between tiie value of ttie torque parameter Aco^j of ttie No. i cylinder 
and the average of the values of the torque parameter of the No. 1 through No. 4 cylinders are calculated by 
A<D^ AVi ° Ao> I - (1/4) X (Aa>^ ^ + Aoo^ 2 ^ 3 4) • Furttier, at step 635. ttie corrected main fuel injection 
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amount QMFINj is calculated by correcting the main fuel injection amount QMj of the No. i cylinder in accordance with 
the value of Acd^avi- In embodiment, the corrected main fuel injection amount QMFINj is calculated by 
QMFIN I s QM I + B X AcD^ AVI is ^ constant determined by experiments). By setting tiie main fuel injection amount 
of the No. i cylinder (i = 1 , 2, 3. 4) at QMFINj, the torque Ao^j generated by the each cylinder becomes the same as the 

5 average torque coi^AVj of all the cylinders. Thus, the even a slight variation of the torques of the cylinders does not occur. 
[0060] Combustion noises of the respective cylinders (1. 2, 3, 4) of the engine (10) are detected by a coni^ustion 
noise sensor (1 5). An elect'onic control unit (ECU) (20) performs pilot fuel injections prior to main fuel Injections to the 
respective cylinders through fuel injection valves (10a, 10b. 10c. l Od) and adjusts the pilot fuel injection amounts of the 
respective cylinders so that the combustion noises of the respective cylinders detected by the combustion noise sensor 

10 (15) are reduced. Further, the ECU (20) corrects tiie fuel injection amounts of the respective cylinders in accordance 
with the pilot fuel injection amounts of the respective cylinders in such a manner that the sum of the fuel injection 
amount and tine pilot fuel injection amount becomes a same value in each cylinder. Since the total amount of fuel sup- 
plied to each cylinder becomes the same, the variation of torque among the cylinders does not occur. 

IS Claims 

1. A fuel injection control device tor an internal combustion engine (10) having a plurality of cylinders (1 . 2. 3, 4) com- 
prising means (15) for detecting combustion noises of the respective cylinders of tiie engine, pilot fuel injection 
amount con'ecting means (20) for con-ecting the amounts of pilot fuel injected into the respective cylinders of tiie 
20 engine prior to main fuel Injections in accordance with tiie detected combustion noises of the respective cylinders, 
characterized in that the fuel injection control device further comprises main fuel Injection amount correcting means 
(20) for correcting the amounts of the main fuel injections of the respective cylinders in accordance witii the cor- 
rected amounts of the pilot fuel injections of the respective cylinders. 

£5 2. A fuel injection control device as set forth in claim 1 , wherein tiie main fuel injection amount connecting means (20) 
conrects the amounts of tiie fuel injection of the respective cylinders (1 , 2, 3, 4) In such a manner that tiie amount 
of the main fuel injection of a cylinder is deaeased when the amount of tiie pilot fuel injection of said cylinder is 
Increased by the pilot fuel injection amount correcting means (20) and the amount of the main fuel injection of said 
cylinder is Increased when the amount of the pilot fuel injection of said cylinder is deaeased by tiie pilot fuel injec- 

30 tion amount correcting means (20). 

3. A fuel injection control device as set fortii in claim 2. wherein tiie main fuel Injection amount connecting means (20) 
corrects the amounts of the fuel injections of the respective cylinders (1. 2. 3. 4) in such a manner that tiie sum of 
the amount of the connection of the pilot fuel injection and the amount of tiie correction of the main fuel irijection 

3S becomes zero In each cylinder. 

4. A fuel injection control device as set forth in claim 1. wherein tiie fuel injection control device further comprises 
torque detecting means (20) for detecting output torques generated by the respective cylinders (1. 2, 3. 4) and 
torque control means for correcting the total amounts of the main fuel injections and the pilot fuel injections of the 

40 respective cylinders in such a manner that oulput torques generated by the respective cylinders become the same 
value. 
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